BACKGROUND: Limited research has been conducted on the association between intake of fruits and vegetables and hypertriglyceridemia, especially in Asian populations. This study aimed to investigate the association between total fruit and vegetable intake, as well as subgroups of fruit and vegetable intake, with hypertriglyceridemia among Korean adults. METHODS: We conducted a cross-sectional study of 7934 adults aged 19-64 years from the fourth Korean Health and Nutrition Examination Survey. Fruit and vegetable intake was estimated from a food frequency questionnaire. Subgroups of fruits and vegetables included citrus, non-citrus and carotene-rich fruits and cruciferous, green leafy and carotene-rich vegetables. Hypertriglyceridemia (plasma triglyceride ⩾ 150 mg/dl) was diagnosed using a blood sample drawn after 12+ hours of fasting. RESULTS: There were 2001 (25.2%) cases of hypertriglyceridemia among the participants. Total fruit intake was significantly inversely associated with the prevalence of hypertriglyceridemia; the multivariate odds ratios (95% confidence intervals) of hypertriglyceridemia across increasing quintiles were 1.00 (ref), 0.76 (0.62, 0.92), 0.72 (0.58, 0.90), 0.68 (0.54, 0.85) and 0.64 (0.49, 0.82; P trend = 0.001) after controlling for survey year, body mass index, waist circumference, smoking, alcohol drinking, physical activity, education and income. Similar inverse associations were found for all fruit subgroups. However, we found no significant association between intakes of total or subgroups of vegetable and hypertriglyceridemia; the odds ratio for top vs bottom quintile was 1.00 (0.81-1.24) for total vegetable intake. CONCLUSIONS: Our findings support a potential beneficial role of fruit consumption to reduce blood triglyceride levels in Asian populations. . Study details have been described previously. 21 Participants were selected using a stratified, multistage sampling design based on geographical area, sex and age. The study included a health behavior interview, health examination and dietary
INTRODUCTION
Hypertriglyceridemia (elevated plasma triglyceride levels) is a strong risk factor for cardiovascular disease 1 and is frequently accompanied by other lipid abnormalities, obesity and the metabolic syndrome, which are also associated with cardiovascular disease. 2 Hypertriglyceridemia is highly prevalent across countries: for example, 31% in the US in 2008 3 and 33% in Korea in 2007, 4 remaining as a major health burden worldwide.
Fruit and vegetable intake has been regarded as an important factor for prevention of cardiovascular disease 5 and hypertension, 6 on the basis of observational studies across different countries. 5, [7] [8] [9] [10] Some studies have also investigated the association between fruit and vegetable intake and hypertriglyceridemia. A Mediterranean-style dietary pattern (higher total fruit, vegetables, nuts and whole grains) was associated with decreased triglyceride levels. 3, 11 In addition, higher consumption of fruit or vegetable was associated with lower likelihood of hypertriglyceridemia in Latin America. 12 Dietary fiber, mostly from fruit and vegetable, also showed an inverse association with serum triglyceride levels. 13 It was also noted that beneficial effects of fruits and vegetables could not be simply replaced by dietary supplements, such as purified flavonoids. 14 Studies in Asia have linked fish oil, carbohydrates, dietary pattern and red grapefruit with hypertriglyceridemia or the metabolic syndrome. [15] [16] [17] [18] However, limited research on fruit and vegetable has been conducted in Asian countries. 5 The prevalence of hypertriglyceridemia has gradually increased in Korea. 4 Koreans are now consuming more 'western' food because of marked lifestyle changes by westernization. 19 However, some Korean people still follow the traditional diet that includes relatively higher fruit and vegetable consumption. 20 In this study, we aimed to investigate the association between total fruit and total vegetable consumption, including fruit and vegetable subgroups, and hypertriglyceridemia in a nationally representative sample of the Korean population.
METHODS

Study population
survey including a 24-h recall, dietary practice questionnaire and food frequency questionnaire (FFQ). The study was approved by the Institutional Review Board of the Korea Centers for Disease Control and Prevention (KCDC), and informed consent was obtained from all participants.
The fourth survey included all seasons to avoid seasonal bias on dietary intake. Data used in our analysis included a total of 4594, 9744 and 10 533 individuals from the 2007, 2008 and 2009 KNHANES, respectively. Excluding subjects who were under 19 and over 65 years old (n = 10 537), pregnant (n = 123), with incomplete dietary survey data (n = 1924), with extreme energy intake of o500 or 46000 kcal/day (n = 103), with missing data on total fruit and vegetable intake frequency (n = 57), body mass index (BMI; n = 869), waist circumference (n = 15) or serum triglyceride (n = 259), or who did not fast at least 12 h before the blood draw (n = 3041) we included a total of 7934 adult participants aged 19-64 years in the final analysis.
Dietary assessment
The frequency of fruit and vegetable consumption was estimated from the FFQ for the previous year's intake. The responses in the FFQ included: almost never, 6-11 times/year, 1 time/month, 2-3 time/month, 1 time/ week, 2-3 times/week, 4-6 times/week, 1 time/day, 2 times/day and 3 times/day. There were 11 fruit items included in the FFQ: tangerines, persimmons, pears, watermelons, oriental melons, strawberries, grapes, peaches, apples, bananas and oranges/other citrus fruits. A total of 11 vegetable items were included in the FFQ: Korean cabbages, radishes, radish leaves, tomatoes, cabbages, soy bean sprouts, spinach, cucumbers, carrots, peppers and pumpkins. The total frequency of intake was calculated for each fruit and vegetable by summing their daily frequencies. Subgroups of fruits and vegetables included citrus fruits, non-citrus fruits, carotene-rich fruits, cruciferous vegetables, green leafy vegetables and carotene-rich vegetables. Individual item included in each subgroup is listed in Table 1 .
Intake of total calorie, carbohydrate, fat, protein and fiber was calculated using 24-h recall data.
Documentation of hypertriglyceridemia
Participants had their blood samples drawn during their health examination after at least 12 h of fasting. The serum level of triglycerides was measured enzymatically using a Hitachi automatic analyzer 7600 (Hitachi, Tokyo, Japan). Hypertriglyceridemia was defined as fasting triglyceride levels ⩾ 150 mg/dl according to the American Diabetic Association and the National Cholesterol Education Program Adult Treatment Panel III guidelines. 22 Assessment of other covariates Information on covariates, including age, gender, alcohol drinking, smoking, education, annual income, physical activity and survey year, were collected from health behavior interviews and dietary assessments. Height, weight and waist circumference were measured and recorded by the medical team. BMI was calculated for each participant as weight (kg)/height squared (m 2 ).
Statistical analysis
Survey analysis was used in studying the association between fruit and vegetable intake and hypertriglyceridemia. Because of the complex sampling design of the KNHANES study, sampling weights were used.
General subject characteristics were presented as means or as prevalence after age and sex standardization to the distribution of the Korean population. We also conducted logistic regressions to investigate the association between fruit and vegetable intake and hypertriglyceridemia. Fruit and vegetable intake frequencies were divided into quintiles. Hypertriglyceridemia was dichotomized at the cutoff point of 150 ml/dl of fasting triglyceride (yes vs no).
For total vegetable and fruit intake and vegetable and fruit subgroups, we conducted analyses adjusted for age (continuous) and sex and then further controlled for potential confounding or risk factors of hypertriglyceridemia: survey year (2007/2008/2009), BMI (continuous, kg/m 2 ), smoking (never smoker, o1 pack/day, 1-2 packs/day and ⩾ 2 packs/ day), alcohol drinking (continuous), physical activity (no exercise or sometimes walk, regularly walk, regular moderate-level activity and regular vigorous-level activity), education (elementary school, middle school, high school, college or higher degree), family income (quartiles) and waist circumference (continuous). Utilizing the 24-h recall data, we additionally adjusted for intakes total calorie, fiber and carbohydrate, fat and protein intake (original and energy adjusted residual) one at a time in a sensitivity analysis. We further conducted analyses mutually adjusting for fruits and vegetables and combining fruits and vegetables. Tests for linear trends across categories of fruit or vegetable intake were conducted by treating the median of each category as a continuous variable. In addition, we treated fruit or vegetable intake as continuous variables and estimated multivariate-adjusted odds ratios (ORs) for each five times/week increase in fruit or vegetable intake frequency. We also assessed effect modification by gender, age (omedian age, ⩾ median age), BMI ( o23 kg/m 2 , ⩾ 23 kg/ m 2 ) and smoking status (never, current or ever smoker). All analyses were conducted using SAS software, version 9.2 (SAS Institute, Cary, NC, USA).
RESULTS
There were 2001 (25.2%) cases of hypertriglyceridemia among the included participants of KNHANES in 2007-2009. The age and sexstandardized characteristics of the study participants for the total population and by quintiles of vegetable and fruit intake are presented in Table 2 . The average frequencies of total fruit intake and total vegetable intake were 10 times/week and 32 times/ week, respectively. Fruit and vegetable intake was positively correlated (Pearson's correlation coefficient = 0.25, P o0.001). Participants with higher vegetable intake tended to be older, male, non-smokers and more engaged in vigorous exercise and tended to have higher BMI, alcohol intake, fruit intake and household income. Individuals with higher fruits intake were more likely to be younger, female, non-smokers and tended to have lower alcohol intake and higher vegetable intake, education, physical activity and household income.
Total fruit intake was significantly inversely associated with the prevalence of hypertriglyceridemia in both age-and genderadjusted and multivariate analyses ( Table 3 and Supplementary  Figure 1 ). The multivariate-adjusted ORs (95% confidence intervals) of hypertriglyceridemia across increasing quintiles of total fruit intake were 1.00 (ref), 0.76 (0.62, 0.92), 0.72 (0.58, 0.90), 0.68 (0.54, 0.85) and 0.64 (0.49, 0.82), respectively (P trend = 0.001). The multivariate-adjusted OR (95% CI) for each five times/week increase in fruit intake frequency was 0.95 (0.89-1.00). Similar inverse associations were found for the intake of citrus fruits, non-citrus fruits and carotene-rich fruits ( Table 4 ).
For the association between vegetable intake and hypertriglyceridemia, we found no significant association in age-and gender-adjusted analyses ( Table 3 ). Further adjustment for survey year, BMI, waist circumference, smoking, alcohol drinking, physical activity, education and income did not materially change the results. The multivariate-adjusted OR for top quintile (median Quartile 1  23  25  24  21  35  23  19  Quartile 2  25  25  23  24  25  28  20  Quartile 3  25  24  23  28  21  22  28  Quartile 4  25  23  28  26  17  25  31 Abbreviations: BMI, body mass index; Q, quintile. a Characteristics that are significantly different across vegetable intake quintiles are age, alcohol intake, sex, household income (Po0.05) and BMI, fruit intake, regular physical activity, protein intake, fiber intake, carbohydrate intake and calorie intake (Po0.001). b Characteristics that are significantly different across fruit intake quintiles are age, regular physical activity (P o0.05) and alcohol intake, vegetable intake, sex, smoking status, education level and household income, protein intake, fiber intake, fat intake, carbohydrate intake and calorie intake (Po 0.001). c Calorie, carbohydrates, protein, fat and fiber intake were estimated in the 24-h recall. Table 3 and Supplementary Figure 1 ). For specific types of vegetables including green leafy vegetables, cruciferous vegetables and carotene-rich vegetables, we also found no significant associations (Table 4 ). After further adjusting for total calorie, fiber, carbohydrate, fat or protein intake one at a time, the multivariate ORs for the intake of fruits or vegetable and hypertriglyceridemia remained essentially unchanged (data not shown). After including both total vegetable and total fruit intakes simultaneously in a multivariate model, we found similar associations as the primary analysis (data not shown). We also further adjusted for total fruit intake for individual vegetable groups and adjusted for total vegetable intake for individual fruit groups, respectively; the associations remained similar (data not shown). When combining total vegetable and fruit intakes together, no significant association with hypertriglyceridemia was found (data not shown).
When we conducted the analyses stratified by gender (female, male), age group (⩽43, 443 years old), BMI category (o 23 kg/m 2 , ⩾ 23 kg/m 2 ) and smoking status (never, current/ever), no significant interactions were found (all P for interactions 40.25; Table 5 ).
DISCUSSION
We found that high intake of fruit was associated with reduced prevalence of hypertriglyceridemia in a nationally representative sample of the Korean population. Moreover, the intake of subgroups of fruits (citrus, non-citrus and carotene-rich fruits) was each inversely associated with hypertriglyceridemia. However, no significant association with hypertriglyceridemia was found for the consumption of either total vegetables or any of the subgroups. In addition to the beneficial effect of fruits on coronary heart disease, 23 stroke 24 and hypertension 25 found in previous studies, our study adds to the literature that higher consumption of fruit may have a protective role against elevated blood triglyceride levels in Asian populations.
Previous evidence on the association or effect of fruit or vegetable and hypertriglyceridemia has come mainly from Fruit, vegetable intake and hypertriglyceridemia C Yuan et al western countries. Several trials looking at the effect of dietary patterns that included a component of higher fruit or vegetable intake on serum triglyceride levels found that a Mediterraneanstyle dietary pattern (higher intakes of fruit, vegetable, nuts and whole grains) was associated with decreased triglyceride levels, 3, 11 whereas the DASH (Dietary Approaches to Stop Hypertension) diet, which emphasizes fruits and vegetables and low-fat dairy products, did not affect serum triglyceride levels. 26 One crosssectional study among Brazilian adults found that a dietary intake of ⩾ 3 servings of fruit or ⩾ 4 servings of vegetable per day was associated with reduced serum triglyceride levels. 12 Our study was one of the few studies that explored the association between fruit and vegetable intake and hypertriglyceridemia in an Asian population. One study investigated the association between fruit and dairy dietary patterns and their individual components and the metabolic syndrome among 406 Korean adults and found that subjects with higher intake of fruit and dairy foods had a 61% decreased likelihood of hypertriglyceridemia. 15 A randomized trial in 57 hyperlipidemic patients in Israel also found that a diet supplemented with fresh red or blond grapefruit had beneficial effects on serum lipid levels, especially serum triglycerides. 17 Our findings in the Korean population are consistent with these studies demonstrating strong dose response relationships, providing another piece of evidence that higher total fruit, as well as individual subgroups of fruit intake are strongly associated with lower prevalence of hypertriglyceridemia.
The mechanisms whereby fruit intake may exert effects on hypertriglyceridemia are not fully understood. First, phytochemicals are important bioactive compounds found in fruits and include flavonoids and phenolic acids and so on. The antioxidant activity and anti-inflammatory potential of those compounds could reduce systemic inflammation through cellular signaling processes, 27 which have been shown to protect atherosclerosis and cardiovascular disease. 5, 28, 29 In addition, fruits have low dietary glycemic load and low energy density, 30 which have been suggested to have a beneficial role in lowering serum triglycerides levels and increasing HDL-C levels over time, compared with high glycemic load diets high in refined carbohydrates and sugar. 31 Recently, several short-term controlled feeding studies found that dietary fructose significantly increases postprandial triglyceride levels; 31, 32 thus, there may be concerns raised with regard to the fructose content in fruits. This dietary setting is different from that of our study because fructose was added to processed food, and the level of dietary fructose used in those studies was much higher than the intake from fruits in the general population.
We found no association of vegetable intake with hypertriglyceridemia, which is inconsistent with previous studies that reported an inverse association with serum triglyceride levels. 11, 12 One possible explanation for the null association in our study is that Koreans usually eat steamed, boiled and pickled vegetable mixed with salt and soy sauce, 15 whereas people in Western countries have a higher intake of raw vegetables. Although some fat-soluble nutrients from vegetables can be better absorbed after cooking with oil, 33 studies have shown that cooking may reduce the bioavailability of certain nutrients, destroy digestive enzymes and alter the structure and digestibility of food. [34] [35] [36] [37] The duration and temperature during cooking may result in differential loss of nutrients, affecting the beneficial effect of vegetables. 36 To support this possible explanation, previous studies found stronger inverse associations for coronary heart disease incidence 38 and total mortality 39 for the intake of raw vegetables compared with cooked vegetables; another study also found that high intake of baked vegetables was not associated with coronary heart disease incidence. 40 There are several strengths in our study. To the best of our knowledge, this study was the first national-level study to investigate the association of total fruit and total vegetable intake with hypertriglyceridemia in Korea. We also evaluated different subgroups including citrus fruits, non-citrus fruits, cruciferous vegetables, green leafy vegetables and carotene-rich fruits and vegetables. Our study also provided evidence regarding an inverse association of fruit consumption with hypertriglyceridemia in Korean populations, although future prospective studies are needed to confirm the relationship. The FFQ used in our study could represent long-term intake from the participants.
Our study also had limitations. First, the study design was crosssectional rather than prospective. Thus, we could not provide evidence of temporal relationship between fruit intake and hypertriglyceridemia. Second, the FFQ asked frequency of intake only and did not collect portion size information. Therefore, we could not calculate the amount of fruit and vegetable intake. However, dietary recommendation is often made based on serving or frequency of intake instead of exact amount of intake. Previous study also showed that frequency of intake is more important than portion size to distinguish between high and low consumption of fruits and vegetables. 41 Thus, our findings could still provide valuable information in establishing dietary recommendations. Third, although our analysis controlled for major risk factors for hypertriglyceridemia, we could not rule out the possibility of residual confounding. Also, we had caloric intake information from 24-h recall, which might not be sufficient to adjust for confounding by caloric intake. Unmeasured confounding could have occurred from additional factors related to dietary selection. For example, participants who eat more fruit and vegetable may also adopt a healthier lifestyle including a better diet, which would bias the relationship; 42 however, we did adjust for several important lifestyle factors, including physical activity level, smoking status and alcohol drinking, and this had little effect on the effect estimates.
In conclusion, our study supports a potential beneficial role of fruit consumption to reduce blood triglyceride levels, especially among Asian populations. Hypertriglyceridemia is prevalent and is often accompanied with other lipid abnormalities, obesity and the metabolic syndrome, which are all associated with cardiovascular disease. 43 Most recently, the Global Burden of Disease Study 2010 identified diets low in fruit as one of the top five risk factors for global burden diseases, especially cardiovascular disease, 44 and revealed a low intake of fruit in many regions around the world, in particular several East Asian countries. Thus, more research studies are warranted to investigate the specific effect of fruit intake across different countries. As different preparation and preservation methods may affect the nutrient level and health benefit of vegetable across countries, further studies may provide more information on the cooking method of vegetables and could investigate the effect of fresh vegetables, as well as cooked vegetables.
